Fordyce, and Gilson, I955). Roach and Schilling (I960) Received for publication August I7, I965. hypotheses of the basic aetiology of byssinosis are Walford (I964) presented a similar type of analysis based on the dust levels and prevalence of byssinosis in four Egyptian cotton rooms. They showed that the mean change within a day in a lung function test (indirect maximum breathing capacity-I.M.B.C.) in the workers in each room was correlated with the dust concentrations in the rooms 'both of which are also related to prevalence of byssinosis'. The correlation coefficient (r) between the dust concentration in four rooms and the mean fall in I.M.B.C. of the workers in each room was o095.
During a survey of the flax industry in Northern Ireland, a full report of which has been given elsewhere (Carey, Elwood, McAulay, Merrett, and Pemberton, I965), data were collected relating to the prevalence of byssinosis and various respiratory symptoms (Elwood, Pemberton, Merrett, Carey, and McAulay, I965) , and the concentrations of airborne dust in rooms in the flax mills were measured (McAulay, Carey, Merrett, McLarin, Elwood, and Pemberton, I965) . An association between the type of occupation within the flax mill and the prevalence of byssinosis was found, there being significantly more cases than expected on a null hypothesis among the preparers and significantly fewer than expected among the non-preparers; a similar association was shown between occupation and chronic bronchitis. Although there were considerable variations in the dust levels of rooms in which any particular process was being carried out, prei88 paring rooms were found to be, in general, considerably more dusty than the non-preparing rooms. There were therefore strong a priori reasons for believing that the prevalences of byssinosis and of chronic bronchitis were directly related to the degree of dustiness of the rooms. This paper discusses the association between the prevalence of both byssinosis and chronic bronchitis in preparing workers in mills which handled flax alone or flax and synthetic fibres and the current level of airborne dust in the working environment. The analysis is confined to preparing workers as the prevalence of byssinosis in non-preparers was low, and although in certain non-preparing sub-groups, e.g., 'other finishers', an appreciable proportion of workers was affected, it was felt that a more reliable estimate of the true associations could be derived from preparers alone, as these appeared to constitute a population which was fairly homogeneous with regard to working conditions.
In this report the workers and the workrooms studied, the methods used, the definitions of the types of mill, byssinosis, chronic bronchitis, smoking habits, preparing and non-preparing processes, and the age grouping of workers are as described by Elwood and his colleagues (I965). The definitions of byssinosis and chronic bronchitis are given in an appendix to this paper (p. I93). Certain exclusions in addition to those described by McAulay et al. (I965) had to be made, because in some of the preparing rooms in which dust measurements were made all workers were below the age limit of the survey, i.e., under 35 years. Furthermore, some workers are omitted who are described by Elwood and his colleagues (I965) since they had worked in preparing rooms for which no data relating to dust levels had been obtained. The reasons for these latter omissions are given by McAulay and his colleagues (I965). It is not thought that they seriously impair the present study as they occurred, in most cases, for technical reasons (for example, absence of convenient electric power points in a workroom), and the workers so excluded are not known to differ in any important respect from those included. Neither is the omission of data relating to workers who were absent or who refused to co-operate likely to be of serious consequence in this context since these have been shown to be only about 3% of the total available population (Elwood et al., I965 ).
Methods of Analysis
There were 35 preparing rooms in which flax was handled, and 22 in which flax and synthetic fibres were handled. In only eight and seven of these respectively did the total number of workers of either sex exceed ten. These numbers were considered to be too small to justify the use of individual rooms as sampling units, and rooms were therefore grouped at three levels according to the mean dust level, separately for total dust and for respirable dust (dust composed of particles with an equivalent diameter of less than 7 microns). The limits of these three groups were defined so that, as near as possible, equal numbers of workers were included in each group, and these are (in mg. dust/ioom.3 air) (a) 398 and over, (b) 148 tO 397, and (c) under 148 for total dust; and (a) i66 and over, (b) ioo to I65, and (c) under ioo for respirable dust. The observed numbers of preparers with each grade of byssinosis or, separately, chronic bronchitis, in rooms so grouped, were compared with those expected on a null hypothesis. The null hypothesis used is that the distribution of workers by byssinosis and bronchitis grade is not associated with the level of airbome dust to which they were exposed at the time of the survey. These comparisons were made independent of the effects of differences in the distributions of workers by the type of mill (flax alone or flax plus synthetic), age, and smoking habit. A process of standardization, similar to that described by Elwood et al. (I965) , was used to allow for the independent effects of these related factors, and this was done for workers of each sex, grouped separately by mean total dust level and mean respirable dust level in the workrooms. The significance of the differences between these observed and expected distributions has been assessed by x2. The validity of the use of a x2 test in this situation has been discussed by Elwood et al. (I965) .
Results and Discussion
Tables I and II show the distribution of male and female workers respectively, by byssinosis and chronic bronchitis grade, in three groups defined by the total dust level in their working environment. Tables III and IV show the same data in groups defined by respirable dust level. Each of these distributions has been compared with that expected on a null hypothesis after standardization for the independent effects of the type of mill, age, and smoking habit. It seems that none of the associations is marked, other than that between the respirable dust level and byssinosis grade in women, which is probably significant at P < o0o5, as is that between the total dust level and byssinosis grade in men. If the distributions for men and women are summed, thereby standardizing for sex, the associations for byssinosis appear to be significant (X2 = I3-91; D.F. = 6; 0o05 > P > 0-02 for total dust; and Exp. 19-9 3-6 2-3 0°4 26-2 ip5 xiI o-6 0o7 3.9
I-0 0-9--I-9 22-4 5-6 2-9 I-I 32-0 398 + Obs. Exp. II2-6 I6-3 14-3 2-5 145-7
6-2 i-6 3-9 3-2 14-9
2-5 0-9 1-3 3-6 8-3
121-3 I8-8 19-5 9-3 I68-9
I48-397 Obs. are on the whole larger, and more consistent in direction, for byssinosis than for bronchitis. The disparity of these associations is of considerable interest and suggests that the relationships between exposure to dust and byssinosis and chronic bronchitis differ in degree, though probably not in nature.
The symptoms on which a diagnosis of byssinosis is customarily based are relatively 'acute' and, except in the advanced stages, are probably reversible. Furthermore, these acute symptoms are probably causally related to the inhalation of certain textile dusts alone, and any quantitative change in the exposure of a subject to these dusts is likely to be followed closely by a change in the symptoms of that subject. A marked association between the prevalence of byssinosis in the present population and the current levels of flax dust to which they are exposed is therefore not surprising. Exp. 137-0 23-3 13-8 3-3 177-4 7-9 I-3 3-I 2-3 14-6 4-1 I-3 1-4 3-8 io-6 I49-0 25-9 18-3 9-4 202-6 I66+ Obs. although if we had reliable estimates of the past dust exposure of each worker this position might well be reversed.
It seems likely therefore that the association between chronic bronchitis and current dust level in the present population may be obscured because of the chronic nature of the symptoms of chronic bronchitis, their multiple aetiology, and their relative irreversibility. It may also be that the limitation of the present study to workers exposed to a relatively restricted range of dust levels, i.e., workers in preparing departments, has mitigated against the detection of a significant relationship, particularly in view of the multiple aetiology of these symptoms, but it seemed advisable to confine this study to a group of workers which was relatively homogeneous with regard to working conditions in general.
It is also possible that the relationships between either chronic bronchitis and/or byssinosis and current dust levels may have been obscured to some extent by bias in these data. It is known that there were changes in the population exposed to flax dust in these mills due to the selective discharge of workers suffering from respiratory symptoms (Elwood, I965) , and considerable changes in the dust levels in the workrooms in these mills almost certainly occurred before the survey. While most of these changes probably led to a reduction in the airborne dust levels we have no data to substantiate this. Changes in both the population and their environment could well have obscured an association between chronic bronchitis, which is slowly developing, disabling, and probably only partially reversible, to a much greater degree than byssinosis, as the symptoms on which byssinosis is usually diagnosed are acute and largely reversible.
Another source of possible bias in this study is differences between sub-groups of workers in their durations of exposure to textile dust. Again bias from this source is much more likely to obscure a i92 P. C. Elwood, L R. McAulay, R. H. McLarin,j. Pemberton, G. C. R. Carey andJ. D. Merrett relationship between current dust levels and chronic bronchitis than one between current dust level and the acute symptoms of byssinosis. During our survey the duration of employment of each worker in preparing stages in the flax industry was obtained (hereafter referred to as 'duration of employment'). We have examined these data by analyses of variance, and found that within both sexes there was evidence of significant heterogeneity in the duration of employment of workers when grouped either by dust level, byssinosis, or grade of chronic bronchitis. However, the relationships between duration of employment and dust level, as well as those between duration of employment and both byssinosis and chronic bronchitis grade, are complex. Furthermore, within each sex differences between the mean durations of employment of sub-groups of workers when defined by both dust level and byssinosis, as well as when defined by both dust level and chronic bronchitis, are on the whole small and show no consistent trends. Therefore while the omission of all reference to the duration of employment may have introduced bias into the analyses of the data which we present here (Tables I to IV) The main hypothesis, which is discussed by Schilling and Roach (I96I), is that the prevalence rate of byssinosis is related to the dose of textile dust retained, this latter being dependent both on the concentration of dust to which workers have been exposed and the total length of their exposure. Such an association can only be tested satisfactorily by deriving a 'dose-response' type of relationship, such as that which was shown to exist between exposure to coal dust and pneumoconiosis (Roach, 1953) , but it is improbable that sufficient valid data will be available to do this in the textile industry for many years. Meanwhile one can only assess the compatibility of the other evidence with this hypothesis. The strongest evidence in its support seems to be that of Roach and Schilling (I960) Batawi et al. (I964) .
In general, it seems that a combination of these two hypotheses can best explain the association between byssinosis and the inhalation of textile dusts. The part played by variations in individual susceptibility in determining the epidemiological pattern of byssinosis may be important but is unknown. Elsewhere we have suggested that byssinosis can best be considered as a group of acute symptoms superimposed on a basic chronic bronchitic process (Elwood et al., I965) . It seems likely that the acute and largely reversible symptoms are closely related to the dust concentration prevalent at any one time, and it is these symptoms on which most authors base the diagnosis of byssinosis. However, the chronic symptoms of bronchitis, in the production of which irritants other than textile dusts, such as tobacco smoke and air pollution, may be implicated, are much less likely to show a close relationship to the current dust level, and this relationship, if present, seems likely to be of a 'doseresponse' nature.
The finding of a basic association between chronic bronchitis and occupation group within flax mills by Elwood et al. (I965) , and the absence of a marked association between these symptoms and the current dust level when the analysis is confined to the groups most heavily exposed to dust, seems to con-
